An Escherichia coli-yeast shuttle vector pOL 221 is described, which consists of pBR 322 and a yeast mitochondrial fragment. The mitochondrial insert in pOL 221 possessed a mitochondrial autonomously replicating sequence (ARS) and a single Sst II site. The ARS function of pOL 221 was demonstrated by insertion of LEU2 gene into pOL 221 (giving pOL 2211) followed by the transformation of leu-yeast cells.
Preparation and Electrophoresis of DNA 0-111 cells were digested with Zymolyase 60000 and spheroplasts were washed with SET solutions', suspended in 0.25 M sucrose solution and homogenized. The homogenate was centrifuged at 2,500 x g for 5 minutes and the supernatant centrifuged at 12,000 y: g for 20 minutes. Precipitates were suspended in 0.25 M sucrose solution and centrifuged. The pelleted mitochondrial fraction was resuspended in 1 x SSC and sodium dodecylsulfate and NaClO, added to final concentrations of 2 % and 1 M, respectively. The suspension was deproteinized with a mixture of CHCl3 -isoamyl alcohol (24: 1) with gentle mixing. From the aqueous phase DNA was precipitated by the addition of cold ethanol and subjected to two successive CsCl density ultracentrifugations for 60 hours at 36,000 rpm.
A 4.3 kb fragment of YEp 1310) containing the yeast chromosomal LEU2 gene was used for construction of pOL 2211, pOL 2212, pOL 132, pOL 244 and pOL 379.
Preparations of DNA from transformants of E. coli "' and of yeast"' were performed as described. Isolation of the Alit I-EcoR I fragment of pOL 221 was performed by elution from an agarose gel as previously described 4). For electrophoresis of DNA, agarose gels (0.7% and 1.0°) and composite gels (0.5% agarose+3 % polyacrylamide gel) were used.
Construction of pOL Plasmids pOL 221; 4 jig of pBR 322 was cleaved with 18 units of Sal I at 37--C for 1.5 hours and then cleaved with 9 units of Hinc II at 37°C for 1.5 hours. 1.2 jig of 0-111 mtDNA was cleaved with 2.5 units of Alit I at 37°C for 1 hour. The digests were heated for 6 minutes at 65-C. After confirmation of the cleavage, 0.8 jig of digested 0-111 mtDNA and 0.6 jig of double-digested pBR 322 were ligated with 5 units of T4 DNA ligase at 8'C for 13 hours and then at 12'C for 38 hours. The mixture was used to transform E. coil WA802 and nine tet' transformants were selected. Plasmid pOL 221 was isolated from one of the transformants and purified by ultracentrifugation.
To construct pOL 2211 and pOL 2212, 2 pg of pOL 221 was cleaved with Pst I. Five jig of YEp 13 was cleaved with Pst I and BamH I. Both digests were ligated with 7.1 units of T4 DNA ligase at 12°C overnight. The ligates were used to transform E. coli C600 and leu+ transformants were selected on M9 media.
For construction of pOL 13, pOL 24 and pOL 37, 2 jig of 0-111 mtDNA and 4.5 jig of pOL 221 were digested with Sst II and ligated with 4 units of T4 DNA ligase at 14-'C for 50 hours. E. coli WA 802 was transformed with the mixtures and tetracycline resistant transformants were selected. 2,640 transformants were analyzed by colony hybridization.
To construct pOL 132, pOL 244 and pOL 379 from pOL 13, pOL 24 and pOL 37, these plasmids were cleaved with Pst I and ligated with LEU2 fragment of YEp 13 in the same way as the construction of pOL 2211 ; E. coli C600 was then transformed.
Transformation and Assay for Oligomycin Resistance
Ttransformation of E. coil cells"' and yeast", 13) were as described.
Oligomycin resistance was assayed as described''. oligomycin at 15 Ftg/ml using glycerol as a carbon source. Plasmids pYleu 2 or pYleu 5 into which LEU2 gene of YEp 13 was inserted at the Pst I site of pBR 322 were used as a reference for ARS function.
Hybridization
The procedure for colony hybridization described by GRUNSTEIN and HOGNESS18' was followed up to the immobilization of DNA, except that cells grown on membrane filters were transferred together with the filter onto solid L broth supplemented with chloramphenicol to amplify plasmids in the transformants. Southern blotting of DNA and hybridizations are as described").
Nick translation was performed according to RIGBY et al.18) . Specific activities of the probes of 0-111 mtDNA used for colony hybridization was from 9.1 to 4.6 x 107 cpm/,ltg. Schleicher and Schuell No. 85 filters were used.
Results

Construction of pOL 221
For construction of a vector capable of replication in yeast cells, we used a mitochondrial ARS instead of chromosomal ARS or 2 It ARS. Mitochondrial DNA of the petite 0-111 strain3,4) was digested with Alit I and fragments were ligated to Hinc II site of pBR 322. Since pBR 322 has two Hinc II sites, its digestion with Hinc II does not give a single fragment. Accordingly, plasmid pBR 322 was first digested with Sal I to give staggered ends. The digested pBR 322 was then cleaved with Hinc II to give two fragments carrying a single blunt-end. An Aki I digest of 0-111 mtDNA was ligated to two blunt ended Hinc II fragments of pBR 322. The cleaved Sal I site was ligated at the same time. E. coli WA802 was transformed and amps tet' transformants were isolated. Plasmids were then extracted and purified from transformants by ultracentrifugation.
One of the plasmids isolated was named pOL 221 (5.8 kb), into which a 1.5 kb fragment was inserted. The size of the insert was not, however, identical either of the two Akt I fragments of 0-111 mtDNA.
An Alu I-EcoR I fragment, which contained the 1.5 kb insert was cleaved from pOL 221 and isolated.
Its physical map showed that it had a single Hinc II site at its upstream end and a cluster of Hae III, Hpa II, Hinf I and Sst II sites (termed as a cluster site) in the middle. The Hinc II site is located very close to the junction site between the insert and pBR 322 DNA. A similar cluster site exists in the Alu A fragment of 0-111 mtDNA. However, the distance between the latter cluster site and Hinc II site in Alu A fragment differed from that in the insert of pOL 221. Also no Hinf I site was present in the insert, which is located rightward to the cluster site in the Alu A fragment. These data showed that the insert in pOL 221 is derived from a fragment other than that of 0-111 mtDNA. However, labeled mtDNA hybridized with pOL 221, indicating its mitochondrial origin.
Cloning of Sst II Fragments of 0-111 mtDNA
Since the oli-1T gene in 0-111 mtDNA is reportedly located between two Sst II sites", Sst II fragments of 0-111 mtDNA, Sst A (2.4 kb), Sst B (0.8 kb) and Sst C (0.7 kb) fragments were cloned into pOL 221. The sum of these fragments covered most (> 97 %) of the region of 0-111 mtDNA. After ligation of Sst II digests of 0-111 mtDNA to a Sst II site of pOL 221, E. coli WA802 was transformed and tet' transformants were selected. Since colonies of transformants of E. coli which has pOL 221 did not hybridize with labeled 0-111 mtDNA, the selection of transformants with pOL 221 inserted with Sst II fragments was performed by colony hybridization using labeled 0-111 mtDNA as a probe.
Nineteen strongly hybridizing colonies were isolated and plasmid DNA were extracted from each Two plasmids pOL 13 (6.6 kb) and pOL 24 (6.5 kb) were cleaved with Sst II, subjected to electrophoresis, and hybridized with labeled 0-111 mtDNA. As seen from Fig. 2 , inserts in pOL 13 and pOL 24 gave bands identical to the sizes of Sst B and Sst C fragments of 0-111 mtDNA. The Alit I site in Sst B and
Hinf I site in Sst C were used to determine orientation. pOL 13 had the Sst B fragment in the orientation as depicted in Fig. 3 . pOL 24 has the Sst C fragment in the reverse orientation (Fig. 3) The plasmids pOL 37, pOL 13 and pOL 24 were digested with Sst 11, and subjected to electrophoresis. A 0-Ill mtDNA probe (specific activity 3.7 l0' cpm/tcg) was used. Lanes A and B, EcoR I and Hind III =EcoR I fragments of lambda DNA used as markers; lane C, pOL 24; lane D, pOL 13; lane E, pOL 37. These plasmids are stained with ethidium bromide. Lanes F, G and Hare the same as in lanes C, D and E with the plasmids hybridized with labeled 0-111 mtDNA.
Note that pOL 37 in lane E, which was isolated from the transformants grown in the presence of tetracycline showed no deletion product. The transformant with pOL 37 was found in the group applied to lane E. The bands larger than 2.4 kb are probably due to incomplete digestion of chimeric plasmids cleaved with Sst II at one of the two Sst II sites. for pOL 379, respectively (comparable to that of YEp 13 which has 2 /r ARS). These plasmids were stably maintained under selective pressure. 
